A micromethod is described for the enzymatic estimation of free and combined adenine in the presence of hypoxanthine and xanthine. It is based on the conversion of adenine to 2:8-dihydroxyadenine by xanthine oxidase, a reaction that is infinitely slower than the action on hypoxanthine or xanthine by the same enzyme.
The enzymatic estimation of hypoxanthine (plus xanthine) is based on the method of KALCKAR (BERG-MEYER) (1) . Here, hypoxanthine is acted upon by xanthine oxidase changing it to uric acid via xanthine. The uric acid is then estimated by the action of uricase. Adenine is also attacked by xanthine oxidase (from milk) with uptake of O 2 but with no liberation of ammonia (BOOTH) (2). BENDICH and coworkers (3) administered adenine to rats and observed deposition of 2:8-dihydroxyadenine in the kidneys, a reaction which they attributed to the action of xanthine oxidase on adenine. Direct evidence of this reaction has been provided by KLENOW (4) who obtained 2:8-dihydroxyadenine, in pure form, by the action of xanthine oxidase (from milk) on adenine in vitro. He determined the extinction coefficient of the product at λ = 305 nm at different pHs, a wavelength that permits the estimation of 2:8-dihydroxyadenine in the presence of adenine. In this paper we describe a method that permits the simultaneous estimation of free and combined adenine and the sum of xanthine plus hypoxanthine, and which we feel is simple and less time-consuming than the presently available chemical and Chromatographie methods. This method utilizes the known fact (KLENOW, (4)) that xanthine oxidase changes hypoxanthine or xanthine to uric acid at a vastly higher rate than it oxidizes adenine to 2:8-dihydroxyadenine. In our procedure a small amount of xanthine oxidase is added to the mixture of adenine and hypoxanthine which allows the reaction hypoxanthine > uric acid to go to completion within a few minutes. Addition of more enzyme and a more prolonged exposure is necessary for the reaction adenine > 2:8-dihydroxyadenine to come to an end. Readings every one minute at the onset of the reaction provides the necessary data for extrapolation and thus correction for the almost negligible amount of adenine that reacts during the first few minutes. Combined adenine (ATP, ADP, AMP, adenosine) and combined hypoxanthine (ITP, IDP, The increase in optical density after 10 min. at 291 nm (the maximum point on the extinction curve of uric acid), is a measure of the amounts of hypoxanthine plus xanthine present. Uricase changes uric acid to allantoin which shows no absorbancy at 291 or 304 nm and thus nullifies the increase in optical density at 291 nm due to uric acid arising from hypoxanthine or xanthine. The addition of more xanthine oxidase now acts solely on adenine changing it to 2:8-dihydroxyadenine which can be measured by the increase in optical density at 304 nm. Whatever small amounts of 2:8-dihydroxyadenine have been formed from adenine due to the action of xanthine oxidase during the first ten minutes (before the addition of uricase and excess xantbine oxidase) and which interfers with the measurement of uric acid at 291 nm, can be corrected for by extrapolation. The increase in optical density during the second five-minute period is subtracted from that observed during the first fiveminute period and the difference gives the net Δ Ε which is a measure of the amount of hypoxanthine (plus xanthine) present. A glance at Figure 1 illustrates the significance of these considerations. 
Results and Discussion
Adenine exists in fresh or ischemic skeletal muscle in the form of ATP, ADP and AMP. (Adenine and denosine are not found in measurable quantities (DEUTICKE and co workers (6)). Accurate enzymatic methods for the estimation of these three nucleotides are in existence (BERGMEYER (1)), (E. N. FAWAZ and G. FAWAZ (7)), (E. N. FAWAZ and G. FAWAZ (8)>. A comparison of the results obtained by the method described above for free adenine after hydrolysis of the nucleotides with those obtained by the classical enzymatic methods for the nucleotides showed good agreement, not only when the adenine content is high but also in ischemic muscle after incubation at 37°C for three hours, when the adenine content is low. This is illustrated in Table 1 where in each case a sample of dog skeletal muscle was analyzed before arid after a 3 hours period of ischemia. Samples of pure ATP, ADP, AMP and adenosine were hydrolyzed in 0.5 N perchloric acid for 30 min. at 100°C and the free adenine analyzed as described above. The same was done for samples of inosinic acid and inosine. In all cases, satisfactory values were obtained showing that thirty minutes of hydrolysis are sufficient to liberate the free purines from the nucleotides and nucleosides. Furthermore, recovery studies were performed by adding free adenine and hypoxanthine to samples of perchloric acid tissue extracts before and after neutralization with KOH. The recoveries were within the experimental errors reported in Table 1 . The errors are due not to the method itself but to the measuring devices such as pipettes arid spectrophotometers. It must be remembered that not only samples of tissue extracts must be measured accurately but also samples of the enzymes which also happen to absorb at the wavelengths 291 and 304 nm. 
